Appendix |. Deepwater Horizon
Investigation Fault Trees

Appendix la.
Appendix Ib.
Appendix lc.

Appendix Id.

Well integrity was not established or failed
Hydrocarbons entered the well undetected and well control was lost
Hydrocarbons ignited on Deepwater Horizon

The blowout preventer did not seal the well



Well Integrity Was Not Established or Failed

Entered Annulus prior to
cement job
Ruled Out

Failure of other casing
strings (not 9-7/8" x 7") or
liner tops

Ruled Out

Loss of Primary Annulus
Barrier

See Section 5A, 2

Entered Annulus During or
After Cement Job

See Section 5A, 2

CRITICAL FACTOR
WELL INTEGRITY WAS NOT ESTABLISHED OR FAILED

Fracture in Formation
Loses/Ballooning
Ruled Out

Swabbed in While Running
Casing
Ruled Out

Previous Trip Out with BHA
swabbed in

Ruled Out due to
PWD/MTD Data

Mudweight Incorrect
Ruled Out

Cement Issues

See Section 5A, 2

Run Casing too Fast (surge)
Ruled Out

No Confirmation of annulus barrier

See Section 5A, 5.3

Overall failure of cement design

See Section 5A, 5.1

Not enough WOC prior to negative

test
Ruled Out

Possible Immediate Cause
Centralizer stand-off and
channeling

See Section 5A, 2.4

Each box describes a matter that the investigation team
identified as a possible contributing factor, and, where

applicable, indicates whether the hypothesis in the box was

to be examined as a "Possible Immediate Cause" or
"Possible System Cause". References to sections are to
the sections in the Deepwater Horizon Accident
Investigation Report where the team's analysis and

Possible Immediate Cause
Mud returns used to determine top
of cement.

See Section 5A, 2.6

Possible Inmediate Cause
Cement and Spacer Contamination

See Section 5A, 2.1

Possible Immediate Cause
Actual Job Lift Pressures Not As
Designed (Compare design vs.
actual)

Inconclusive

Possible Immediate Cause
Insufficient Volume TOC of 500 ft.
above shallow pay sand
Inconclusive

Possible Immediate Cause
Underbalance During or After
Cement Job

See Section 5A, 2.3

Possible Inmediate Cause
Cement slurry inadequate

See Section 5A, 2.1

Possible Immediate Cause
Halliburton lab test Matrix indicated
poor results for cement slurry

See Section 5A, 2.1

Possible System Cause

Wells team did not recognize that
GP 10-60 required a “proven
cement evaluation technique” for
this design.

See Section 5A, 2.6

Possible System Cause
Risk for different options not
effectively evaluated.
Inconclusive

Possible System Cause
Communication between BP &
Halliburton well team members was

conclusions can be found.

Possible System Cause

Cement bond log not used to
determine top of cement (TOC) and
accurately assess zonal isolation.

See Section 5A, 2.6

Possible System Cause

Failure to meet requirements of the
GP 10-00/GP-10-60 in determining
top of cement.

See Section 5A, 2.6

Possible System Cause
Foam cement slurry was unstable
leading to nitrogen breakout.

See Section 5A, 2.1

Possible System Cause
Yield point of test slurry was 2,
Typically around 5.

See Section 5A, 2.1

Possible System Cause
A defoamer was used in slurry.

See Section 5A, 2.1

Possible System Cause
Cement design did not include an
additive to control fluid loss.

See Section 5A, 2.1

Possible System Cause
Cement could have increased gas
flow potential.

See Section 5A, 2.1

Possible System Cause
Light weight spacer ahead of
cement caused poor displacement.

See Section 5A, 2.3

Possible System Cause

Poor dispacement efficiency . Use
of 14.5ppg foam cement behind
16.7

See Section 5A, 2.3

Possible System Cause
Communication between BP &
Halliburton well team members was
not effective.

See Section 5A, 2.7

Possible System Cause

Wells team did not understand the
centralizers sent to the DWH were
designed to mitigate mechanical
problems that occurred on previous
wells.

Possible System Cause
Exploration and Appraisal team
does not routinely plan production
casing and cementing operations.
Inconclusive

not effective.
See Section 5A, 2.4

See Section 5A, 2.7

Possible System Cause
Risk of different options not
effectively evaluated.

Casing, cross over, ect. out . " " Inconclusive
of Specification Equipment Out of Possible Inmediate Cause

Ruled Out Calibration Centralizers not Io_cated above top
Ruled Out hydrocarbon bearing sand.

See Section 5A, 2.6
Possible System Cause

OptiCem model identified the need
for 21 centralizers to reduce

Improper Execution of
Torque Procedure
Ruled Out

Incorrect Torque applied to
casing connections

Ruled Out
Improper Lubricant

Possible System Cause
Ruled Out

Decision was made to run only the
6 inline centralizers on April 16,
2010.

Breach of casing 9 7/8" X 7" See Section 5A, 2.4

See Section 5A, 3.3 for Improper Torque Procedure
this branch of the fault Ruled Out
tree

In the Hole
Ruled Out

Damaged While Running
Ruled Out
Ruled Out

Making up Connections
Ruled Out

Not Designed for Negative
Test Conditions

- Ruled Out
Incorrect design of

production casing or
crossover (Engineering)

Ruled Out Not Designed for Operating

Conditions
Ruled Out

Assembled Incorrectly at
Manufacture
Inconclusive

Incorrect Assembly of Seal -
Locking Ring Missing
Inconclusive

Actual Running Test Setting
Ruled Out

Seal Assembly Failure (Pack Seal outside OEM

off failure) Specifications (as
Manufactured)

Possible System Cause
Standard not in place for locking
casing hanger to high pressure
housing.

Inconclusive

See Section 5A, 3.2 for Inconclusive
this branch of the fault
tree

Exceed Design Rating to
Failure
Inconclusive

Actual Conditions Exceed
Design/Rating Parameters,
(including negative test)
Inconclusive

Possible System Cause
Casing hanger not locked to
wellhead to prevent upward
movement.

Seal Lifts off Seat Possible Inmediate Cause Inconclusive

Inconclusive Etfefz(;:rature and Ballooning Optional hanger outer lock ring

_ functionality not used.
ﬁ Inconclus“le

See Section 5A, 3.2

Possible System Cause
Casing design did not include
negative test load condition.
Inconclusive

Possible Imnmediate Cause
Float Collar Failure Did not recognize
Work in Progress operating/conversion parameters
of float collar

Actual Conditions Exceed See Section 5A, 3.1

Design/Rating Parameters

Plug Failure
Work in Progress Possible System Cause Possible System Cause

Work in Process Optional outer lock ring was not run Team was not aware of outer lock
Inconclusive * ring option
Inconclusive

See Section 5A, 3.1

Shoe Failure
(Float Collar)

Float Collar outside OEM
Specifications
Work in Progress

Shoe Failure
Work in Progress

Work in Progress

See Section 5A, 5.4

Float Check/Bleed
BackSpecifications

See Section 5A, 3.1



Integrity test failed to
identify communication
with the reservoir.

Hydrocarbons Entered the Well
Undetected and Well Control Was
Lost

Design of spacer
introduced risk of

> impairing negative test.

Inadequate Negative
Test Procedure Design

Operations allowed HC
influx to enter and move
up the wellbore.

Ineffective Execution of
Fluid Management

CRITICAL FACTOR
HYDROCARBONS ENTERED THE WELL UNDETECTED AND WELL CONTROL WAS LOST

Placement of Spacer

Written Procedure

——)p | See Section 5B, 2.2, 2.5 for

this branch of the fault tree

No Procedure
Ruled Out

Solids content caused

plugging.
Inconclusive

Rheology of spacer

——)p-| See Section 5B, 2.2 for this |
branch of the fault tree

Viscosity prevented
pressure transmition

See Section 5B, 2.2

Procedure did not have an
adequate definition of pass/fail
for Negative Test. —

Possible Immediate
Cause

No Detailed Written
Negative Test
Procedure Used.

Procedure was not robust
enough for well conditions.

Possible Immediate Cause
Bleedoff volumes not
interpreted correctly.

|

Incorrect

See Section 5B, 2.2

Not Communicated

See Section 5B, 2.2

Not Understood

See Section 5B, 2.2

Each box describes a matter that the investigation team
identified as a possible contributing factor, and, where
applicable, indicates whether the hypothesis in the box
was to be examined as a "Possible Immediate Cause" or
"Possible System Cause". References to sections are to
the sections in the Deepwater Horizon Accident
Investigation Report where the team's analysis and

conclusions can be found.
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Possible System

Absence of No

specific requirement
from managers to
use written

Criticality of Negative

| Test was not clearly

recognized.

procedure for
negative test.

See Section 5B, 2.4

I 2.

Possible System
Cause Cause Cause
No pre-existing
written procedure
from previous
negative tests on

written negative test
procedure.
Inconclusive

training on use of

DWH.

Possible System

Inconclusive

Possible System

Practice of not using Risk
written negative test
procedure not
identified in, or
corrected by, BP or
Transocean
monitoring / audit.
Inconclusive

Possible System
Cause Cause Cause

effective.
Inconclusive

analysis not No clear

negative test
procedure.
Inconclusive

Possible System

accountability for
providing written

Possible System
Cause

No BP or
Transocean
requirement to have
and follow a written
procedure for
negative test.

See Section 5B, 2.4

Possible System
Cause

Comm protocols
were not in place for
changes to critical
procedures.
Inconclusive

Possible System
Cause

Procedure used for
negative test on
Macondo well lacks
detailed steps.

See Section 5B,
24,6

v v

v v

v

v

See Section 5B, 3.3

Possible System
Cause

Expected bleedoff
volumes were not
calculated.

See Section 5B, 2.3

Possible System
Cause Cause
Wellsite leaders had Training of
not regularly or
recently conducted
negative tests.
Inconclusive

Possible System

Transocean rig crew
and BP WSLs did not
effectively cover fluid
compressibilities
Inconclusive

Possible System
Cause
Learning from

on other wells not
documented.
Inconclusive

previous integrity tests| |document any

Possible System
Cause Cause
Offshore team did not | | Need better
verification for
indication that
bleedoff volumes
represented a
problem.

in preparation
negative test.

See Section 5B, 2.3

Possible System

bleeding off volumes
for annular BOP leaking WSL.
Inconclusive

See Section 5B, 2.3

Possible System

in preparation for
negative test due to

and then 15 bbls bled
after sealing annular.

See Section 5B, 2.3

Possible System
Cause Cause

Rig team bled 50 bbls | | TO rig crew did not
communicate the 50
bbl bleed back to BP

Possible Immediate Cause
Misinterpretation of negative
test pressures.

I 2 2 2

v

See Section 5B, 2.6

Possible System Cause
Lack of understanding of

data relating to well integrity.

See Section 5B, 2.6

Possible System Cause
BP WSLs stated (in
interviews) that Transocean
rig crew explained pressure
differentials (1400 psi on DP
with 0 on kill line) as due to
annular compression /
"bladder effect".

See Section 5B, 2.6

Possible System Cause
Lack of understanding of
fluid and pressure behavior.

See Section 5B, 2.6

Possible System Cause
Operators influenced by
annular leaking during
preparation for test.

Criteria for
misinterpre

See Section 5B, 2.3

Possible System Cause
defined, contributing to
pressure on the drill pipe.

See Section 5B, 2.4, 6

success test not

tation of the

Possible Immediate Cause
TO Diriller is accountable to
monitor well bore at all times.

See Section 5B, 3.1, 4

R

y

Possible System

was flowing but no
intervention was taken.

See Section 5B, 3.2

—

Possible Inmediate Cause
Operations continued without

monitoring fluid volumes

while transferring mud to the

Bankston.

See Section 5B, 3, 6

Possible System
Cause Cause

Data indicates that well | |Lack of verification that
the well was being
monitored.

See Section 5B, 3.1

Possible

paramete
flow, and

Current standard does not
specifically set expectations to
monitor the wellbore using key

operations including up until
the riser is disconnected.

See Section 5B, 3.1

System Cause

rs such as pressures,
volume throughout
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Possible System Cause
Alternative means (eg,
pressure, flow out) were

Ineffective Fluid
Management

BOP not activated soon
enough

BOP did not work

Rig crew response to
well flow failed to

p | control the well.

—>-

Mass Balancing of
Fluids could not be
completed.

See Section 5B, 3

Flow Line not being
Monitored

Alternative Methods
Attempted

Severity of Situation not
understood

See: BOP failted to isolate
the source

EDS not activated in
timely manner

Possible Inmediate Cause

A hypothesis is that the crew
did not recognize the existance
of a potential uncontrollable
well condition until the situation

Failure to respond to
flowing conditions

See Section 5B, 4.2, 4.3, 6

Possible Inmediate
Cause

Appreciation for the
consequences of not
monitoring the well |
(Volumes, Pressure and
Flow)

See Section 5B, 3

===t downstream of dump

not being used by rig
team to monitor well.

See Section 5B, 3.1 3.2,
4

Possible System Possib
Cause Cause
Preparation for the next
well appeared to have
priority over seeking
vulnerabilities in the well.
current operation.

See Section 5B, 3.1, 6

See Section 5B, 3.1, 6

Possible System
Cause

le System

Lack of priority of critical | | Lack of monitoring of
well operations over
preparation for the next

fluid volumes.

See Section 5B, 3.1, 4,
6

Possible System

Transocean Well
Control guidelines do
not specifically address
whether monitoring
required when well is
cased and cemented.

See Section 5B, 3.1, 4,
6

Possible System
Cause Cause

Mudloggers were not
informed by Assistant
Driller when offloading
drilling mud to the
Bankston had ceased.

See Section 5B, 3.1

Backloading to MV

Bankston & overboard
— dumping volumes |
could not be measured.

Design Issues - Flow
and Pressure sensors

line.

Complexity of multiple
activities backloading,

cleaning.

Possible Immediate
Cause

Appreciation for the
consequences of not

(Volumes, Pressure and
Flow)

See Section 5B, 3

Possible Immediate
Cause
TO Diriller is

) | vOlumes while
transferring mud to the | v v v v

Possible System

—p overboard, circulating & —

Possible Inmediate
Cause

Operations continued
without monitoring

Bankston.

See Section 5B, 3, 6

v

v

Possible System
Cause Cause
There is no evidence
that alternative
means (eg,
pressure, flow out) seeking
were being used by
rig team to monitor

Preparation for the
next well appeared
to have priority over

vulnerabilities in the
current operation.

Possible System
Cause

Lack of priority of
critical well
operations over
preparation for the
next well.

Possible System

Rig leadership
apparently did not
require fluid volumes
to be monitored.

See Section 5B,

Possible System
Cause Cause

Transocean Well
Control guidelines
does not specifically
address whether
monitoring required
when well is cased

Possible System
Cause

Mudloggers were not
informed by
Assistant Driller
when offloading
drilling mud to the
Bankston had

See Section 5B, 3

proceeding.

See Section 5B, 2, 3

Possible System Cause

residual risk remaining after

See Section 5B, 3.1, 3.2

Consideration of appropriate level of

testing of a cased and cemented
== | Monitoring the well ==y | Wellbore before proceeding.

integrity

accountable to monitor
well bore at all times.

Lack of understanding
that well was flowing.

monitor the well.

TransOcean practices
for identifying flow are
ineffective.

No alterantive means to » | volumes after

¥

v

¥

v

well. See Section 5B, 3.1,4,6 and cemented. ceased.
See Section 5B, 3.1, 6
See Section 5B, 3, 3.1,6 See Section 5B, See Section 5B, 3.1
4 31450
Possible Inmediate Cause Possible System Cause
Appreciation for the Consideration of appropriate
consequences of not level of residual risk remaining
monitoring the well (Volumes, after integrity testing of a cased
Pressure and Flow) — and cemented wellbore before

Possible System Cause
Operations continued without
monitoring volumes while
transferring mud to the Bankston.

See Section 5B, 3, 6

Possible System Cause
Preparation for the next well
appeared to have priority over
seeking vulnerabilities in the
current operation.

See Section 5B, 3.1, 6

Possible System Cause

Rig leadership apparently did not
require fluid volumes to be
monitored.

See Section 5B, 3.1, 4, 6

Possible System Cause
Transocean Well Control
guidelines do not specifically
address whether monitoring
required when well is cased and
cemented.

See Section 5B, 3.1, 4, 6

Possible Inmediate
Cause

Operations continued
without monitoring

transferring mud to the
Bankston.

See Section 5B, 3, 6

ey | NOt DEING USEd by rig

Possible System
Cause

Alternative means (eg,
pressure, flow out) were

team to monitor well.

See Section 5B, 3, 4

Possible Immediate
Cause

TransOcean practices
do not specify
parameters to monitor

> flow.

Operations continued
without monitoring

I volumes after transferring

mud to the Bankston.

Alternative means (eg,
pressure, flow out) were

— to monitor well.
See Section 5B, 3, 4

Possible System Cause

not being used by rig team

Possible Immediate

Cause

Lack of flow monitoring
after overboard valve is
opened.

See Section 5B, 3.2, 3.3

ﬁ

Possible System Cause

Design did not allow for flow

monitoring with Sperry Sun
once overboard line was
opened.

See Section 5B, 3.2, 3.3

Possible Inmediate
Cause

A hypothesis is that the
crew did not recognize
the existance of a
potential uncontrollable

well condition until the [r——————)|the TO manual.

situation had
deteriorated
significantly.

Possible System Cause

Rig floor crew was attempting
to assess the situation with
differential pressures on well
rather than carrying out the
shut-in procedures specified in

See Section 5B, 4.1, 4,2

| had deteriorated significantly. —|==———)

Possible System Cause

Rig floor crew was attempting to

assess the situation with

differential pressures on well
rather than carrying out the shut-

in procedures specified in
TO manual.

See Section 5B, 4.1, 4.2

the

Inadequate TransOcean
Employee Competencies
Inconclusive

Possible System Cause

Consideration of appropriate level of
residual risk remaining after integrity
testing of a cased and cemented
wellbore before proceeding.

See Section 5B, 2, 3

Possible Inmediate Cause
From TO well control
handbook 1.2.3.1 "It is the
responsibility of the driller (or
persons performing the drillers
role) to shut in the well as
quickly as possible if a kick is
indicated or suspected."

See Section 5B, 3, 4

wellbore.

TransOcean System for

P | Also, criteri

control.

Possible System Cause

TO well control handbook does
not specifically address shut in
protocol for cased and cemented

station keeping but not for well

See Section 5B, 4

a for EDS is specific to

Normal well control
training not sufficient for
— this application.

Ineffective Well Control
Training for
TransOcean
Employees.

Well Control is
— ineffective.

TransOcean's Well
Control Procedures are
ineffective.

Expectations of
TransOcean employees
are Ineffective
Inconclusive

Possible Immediate
Cause

Bleedoff volumes not

Possible System Cause
Training of Transocean rig
crew and BP WSLs did

— | interpreted correctly. === | NOt effectively cover fluid
— compressibilities.
BI.D acl:cepts el See Section 5B, 4.1 Inconclusive
criteria
# L
Possible Inmediate
Cause Possible System Cause
A hypothesis is that crew Rig floor crew was attempting to
Lack of activation of did not recognize the assess the situation with
blind shear rams & EDS existence of a potential differential pressures on well
uncontrolled well condition rather than carrying out the shut-in
—| See Section 5B, 4.1, | until the situation had p—— procedures specified in the TO
4.2 deteriorated significantly. manual.

See Section 5B, 4.1, 4.2




CRITICAL FACTOR
HYDROCARBONS IGNITED ON DEEPWATER HORIZON

Diverter seal fails to perform.

Possible Immediate Cause
Unanticipated exposure to
excessive pressure, flow rate,

Each box describes a matter that the investigation team
identified as a possible contributing factor, and, where
applicable, indicates whether the hypothesis in the box was
to be examined as a "Possible Immediate Cause" or
"Possible System Cause". References to sections are to the
sections in the Deepwater Horizon Accident Investigation
Report where the team's analysis and conclusions can be
found.

Possible System Cause

Diverter basis of design did not consider high
flow, high pressure, and debris associated with
a blow out.

Hydrocarbons Ignited on
Deepwater Horizon

Hydrocarbons On Deck

Hydrocarbons in Enclosed
Spaces

el § and/or erosion. > i
: 7 JInconclusive
Inconclusive
Diverter seal in conjunction with Possible Inmediate Cause Possible System Cause
BOP failure. Diverter packer, see above. BOP Rig drift off breaks BOP's seal
[ system fails to seal well. .
¥ fInconclusive P} See Section 5C, 3.5
Oril Strne Fait Possible | diate Cause Possible System Cause
et s, Pressure system above IBOP Equipment design requires IBOP to be open to
subjected to high pressure. measure drill pipe pressures.
> > a
¥l see Section 5C, 3.5 ¥ N See Section 5C, 3.5
Possible Inmediate Cause Possible System Cause
Mud returns diverted to MGS Procedures for determining flow to MGS vs.
during a well blowout event instead flow to overboard were not effective.
of overboard. :
See Section 5C, 3.3
Mud Gas Separator Loss of ST T
Containment (LOC)
. . Possible System Cause
Poslulginietilate (?al.nse The as-built design did not address the release
GoeeaneeKen YN ROt scenario of hydrocarbon directed towards the
downward allowed hydrocarbon ) V! e !
i deck by the gooseneck, at rates and volumes
vapors directed to the deck. ; R
experienced in this incident.
»
-> See Section 5C, 3.3 »
; See Section 5C, 3.3
Possible Inmediate Cause Possible System Cause
The PSV lifted and excessive The PSV set pressure was exceeded and the
combustible gas flowed into an PSV outlet was plumbed to the mud pit
=P | enclosed space (slugging pit). P> || slugging tank.
See Section 5C, 3.5 See Section 5C, 3.5
Possible Inmediate Cause Possible System Cause
MUD System The MGS being subject to Lack of an automated system to enable flow-to-
overpressure and failed. Validation overboard line in a well blow event.
requires ROV survey of sunken rig. ‘
' > Pl See Section 5C, 3.3

See Section 5C, 3.3

Possible Immediate Cause

The MGS being subject to
overpressure and failed. Validation
requires ROV survey of sunken rig.

See Section 5C, 3.3

ﬁ

Possible System Cause

No clearly defined written procedures for
determining when to enable flow-to-overboard
in a well blow out scenario.

Inconclusive

Ingress through HVAC system

Hydrocarbons Overboard

Possible Immediate Cause
The air intakes were located close
to potential hydrocarbon release

Possible System Cause
Basis of design did not include gas dispersion
from a well blow out extending beyond

sources. a N classified areas.
»
See Section 5C, 4.3 See Section 5C, 4.1
Possible Immediate Cause Possible System Cause
The hydrocarbon detection system The risk assessment process results did not
relied primarily upon manual effectively identify the risk of well blowout
shutdown to reduce the likelihood conditions on the fire and gas automation
of ingress and subsequent ignition » [l design.
below deck. ¥ Jinconclusive
See Section 5C, 4.2
Possible Immediate Cause Possible System Cause
Delay in closure of vents and fan Alarm overload caused a delayed response to
stops. or prevented timely closure of dampers and
> fans.

See Section 5C, 4.3

See Section 5C, 4.2

Riser Slip Joint Fails

Mechanical

o
»
Hydrocarbon released to
atmosphere
o
>
o
»
o
»
Ignition Occurred
o o
» »
Mitigation
o o
» »

Active Protection

Possible Inmediate Cause
Unanticipated exposure of riser slip
joint to excessive backpressure.

Possible System Cause

Riser slip joint was not designed to handle
high backpressure in the riser during a well
blow out event.

> > ) =
See Section 5C, 3.3 See Section 5C, 3.3
Possible Immediate Cause
Engine overspeed for an extended Possible System Cause
Engines Mechanically Fail duration. Testing of equipment not effective.
Gas ingress and failure of the Inconclusive
overspeed protection devices
o » : - o
o > caused the engine to fail and o
become an ignition source.
See Sections 5C, 4.2, 4.3, 4.5
Possible Inmediate Cause Possible System Cause
Engine overspeed was caused by FMEA for safety systems of the DWH
ingress into the engine room. The concentrated on DP (loss of position) risks.
Ventilation x e
engine room ventilation was not
protected by an automated See Section 5C, 4.3
» @ | shutdown. »
» » »

See Sections 5C, 4.2, 4.3, 4.5




Blowout Preventer Did Not Seal
the Well

3.1 Annular/VBR/IBOP Failed
to Control the Well in Time to
Isolate the Source

3.2 H.P. Blind Shear Ram
Failed to Isolate the Source

3.3 EDS Failed to Isolate the
Source

3.4 AMF (Deadman) Failed to
Isolate the Source

3.5 ROV Intervention (AMF)
Failed to Isolate the Source

See 3.4

3.6 ROV Intervention
(Autoshear) Failed to Isolate
the Source

3.7 ROV Intervention (Hot-stab)
Failed to Isolate the Source

CRITICAL FACTOR
THE BLOWOUT PREVENTER DID NOT SEAL THE WELL

3.1.1 Slow response of
annulars due to hydraulics
leaks, defects or modifications

3.1.2 BOP failed to close due
to well bore pressure flow
conditions.

3.1.3 Dependency on rig crew
for primary Well Control

See Critical Factor #2

3.1.4 Annular elements were
worn from previous stripping
operations

Ruled Out

3.2.1 Dependency on rig crew
for emergency Well Controls.

3.2.2 HP Shear Rams failed to
seal due to known defects.

3.2.3 HP Shear Rams failed to
seal due to unknown defects.

3.2.4 Crew was not aware that
a large quantity of HC had
already entered the riser.

3.2.5 Tool Joint across shear
ram

3.2.6 Pressing Blind Shear
button rather than HP Shear

3.2.7 Unshearable pipe across
shear rams

3.2.8 BSR operating outside its
design enwelope.

3.2.9 Two Pipes across shear
ram

3.2.10 Failure of MUX lines
upon explosion

3.2.11 Shuttle valve failure in
BOP Hydraulic system
Inconclusive

3.2.12 Blades faulty or worn

See Section 5D, 3.5

3.3.1 Failure of MUX lines upon
explosion

See 3.2.10

3.3.2 Riser recoil was not
armed
Ruled Out

3.3.3 See 3.2.2, 3.2.3, 3.2.5,
Brlats 2.8, 329 9 0!
a1 e Bl P

3.4.1 Deadman not armed

3.4.2 Deadman failed to
function due to hydraulic
system modification

3.4.3 Low battery power

3.4.4 Insufficient hydraulic
power

A4S Ran g aia g e
2297 228 320 2241
3212

3.4.6 Leaking check valves in
the BOP stack accumulator
isolation circuit

Ruled Out

3.4.7 AMF pressure
transducers out of calibration
Ruled Out

3.6.1 Autoshear not armed

362 866322 323 328
Se7 22 328 %o
3242

3.6.3 Insufficient hydraulic
power

3.7.1 Delayed ROV Intervention

T T T TR
3.2.7, 3.2.8, 3.2.9, 3.2.11,
3.2.12

Possible Immediate Cause
Due to defects or leaks the
response of the BOP to seal the
annulus was slow (~5 minutes).

See Section 5D, 3

Possible Immediate Cause
Response (~5 minutes) was slow
because BOP was operated
outside its design envelope.

See Section 5D, 2.2, 4.2

Possible Immediate Cause
BOP emergency well control
operation required rig crew
recognition of well control
situation and subsequent manual
initiation of BOP.

Possible Immediate Cause

BSR failed to function due to

known defects in BOP control
system.

See Section 5D, 3.2, 5.1, 5.2

Possible Immediate Cause
BSR failed to function due to
unknown defects in BOP control
system.

See Section 5D, 3, 5.1, 5.2

There was no SPP for operating
blind shear rams under this
condition.

See: Hydrocarbons Entered
the Well Undetected and Well
Control Was Lost

Possible Immediate Cause
BSR failed to shear pipe because
a tool joint was across the BSR
when it closed.

See Section 5D, 3.5, 4.2

Possible Immediate Cause

The normal BSR close button was
pressed instead of HP shear ram
close.

Inconclusive

Possible Immediate Cause
Pipe strength/toughness was
outside BSR capability to shear.

See Section 5D, 3.5

Possible Immediate Cause
BSR was operated in flow and
pressure conditions outside its
design enwelope.

See Section 5D, 3.5

Possible Immediate Cause
BSR failed to shear pipe because
there were two pipes across it.

See Section 5D, 4.2

Possible Immediate Cause
Explosion affected direct control
by damaging MUX cables which
were only means of
communicating with control pods.

See Section 5D, 3.1

Possible Immediate Cause
Deadman function was not armed
by rig crew.

Ruled Out

Possible Immediate Cause
LMRP accumulators isolated from
pods as the result of
modifications in 2004 when CVP
(conduit valve package) was
changed out.

See Section 5D, 5.4

Possible Immediate Cause
Sub-sea batteries in the pod had
low charge and could not
complete the dead man
sequence.

See Section 5D, 3.2

Possible Immediate Cause
Aware they had low battery
charge.

Inconclusive

Possible Immediate Cause
LMRP accumulators isolated from
pods as the result of
modifications in 2004 when CVP
(conduit valve package) was
changed out.

See Section 5D, 5.4

Possible Immediate Cause
Autoshear function was not armed
by rig crew, contrary to
Transocean procedure.

Ruled Out

Possible Immediate Cause
Insufficient hydraulic power due to
unavailable wlume and/or leak.

See Section 5D, 3.5

Possible Immediate Cause
ROV Hot stab intervention
occurred after deterioration of
BSR due to flow conditions.

See Section 5D, 3.3, 3.5

Possible System Cause
Tolerating known defects
without proper risk assessment
or defect reporting and
appropriate action.
Inconclusive

Possible System Cause
Current design standards do
not specify BOP performance
under flow conditions.
Inconclusive

Possible System Cause

BOP response was slow due to
high flow across the BOP
during the last few minutes prior
to the explosion.

See Section 5D, 2.2

Possible System Cause
Current BOP operation has no
automation and limited
instrumentation.
Inconclusive

Possible System Cause
Tolerating known defects
without proper risk assessment
or defect reporting and
appropriate action.
Inconclusive

Possible System Cause
Diagnostic and maintenance
systems were not effective in
eliminating defects.

See Section 5D, 5.5, 5.6

Possible System Cause
Only one BSR available in the
BOP does not eliminate the
possibility of having a tool joint
across it.

Inconclusive

Possible System Cause

The layout of the control panel
led to confusion and activation
of the incorrect button.
Inconclusive

Possible System Cause

No process was in place to
ensure pipe material was within
the shearing capability of the
BSR.

Inconclusive

Possible System Cause
Current design standards do not
specify BOP performance under
flow conditions.

Inconclusive

Possible System Cause
BSR was not designed to cut
two pipes.

Inconclusive

Possible System Cause
MUX cables were not designed
to sunvive an explosion and fire
of this scale.

See Section 5D, 3.1

Possible System Cause
Arm/disarm procedure did not
include provision for supenvisor
assurance and oversight.
Inconclusive

Possible System Cause

CVP (conduit valve package)
modification did not consider
the possibility of preventing the
energizing of the stinger seals.
Ruled Out

Possible System Cause
No means of monitoring battery
charge from surface.

See Section 5D, 5.5

Possible System Cause
Tolerating known defects
without proper risk assessment
or defect reporting and
appropriate action.
Inconclusive

Possible System Cause

The Deadman was not tested
on surface prior to installation of
the BOP stack.

See Section 5D, 5.3

Possible System Cause
Arm/disarm procedure did not
include provision for supenvisor
assurance and oversight.
Inconclusive

Possible System Cause
Weekly function tests did not
include the closure of the ST
locks which would have
revealed the leak.
Inconclusive

Possible System Cause
Tolerating known hydraulic leak
without proper risk assessment
or fault reporting and
appropriate action.
Inconclusive

Possible System Cause
Initial lack of necessary ROV
equipment for emergency BOP
stack internvention (as cower for
ROV capabilities lost with rig)
Inconclusive

Possible System Cause

No plan existed for emergency
BOP stack internvention using
ROV.

Inconclusive

Possible System Cause
MOC for the modification of the
test ram was not effective.

See Section 5D, 5.4

Each box describes a matter that the investigation team
identified as a possible contributing factor, and, where
applicable, indicates whether the hypothesis in the box
was to be examined as a "Possible Immediate Cause”
or "Possible System Cause". References to sections

are to the sections in the Deepwater Horizon Accident

Investigation Report where the team's analysis and
conclusions can be found.




